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ABSTRACT 

This  s tudy  examines o p t i c a l l y  t he  i n t e r a c t i o n  between coa l  and c o a l - t a r  p i t c h  i n  
a s e l f - b u r n i n g  coa l  s e t t i n g .  Three d i s t i n c t  zones, a t h i c k ,  lower 
c a r b o n i z a t i o n ,  a narrow, m idd le  a c t i v e  combustion and a l s o  a narrow,  upper 
o x i d a t i o n  zone were i d e n t i f i e d .  The presence of  bas i c  i ns tead  of a mosaic 
a n i s o t r o p y  on t h e  s o l i d s  i s  ' i n d i c a t i v e  o f  w e a t h e r i n g l o x i d a t i o n  p r i o r  t o  
combust ion.  A i r  c o u l d  c i r c u l a t e  e a s i l y  t h rough  open f r a c t u r e s  w i t h i n  t h e  
uncompacted coa l  f ragments,  thus f a c i l i t a t i n g  combustion a t  dep th .  The coal  was 
ca rbon ized  a t  app rox ima te l y  500-550°C a t  a r a t e  of  h e a t i n g  o f  10"C/min. and 
subsequent ly  combusted a t  550-6OO'C. The coal  has a l s o  been t h e r m a l l y  a l t e r e d  
t o  produce s o l i d  (semi-coke/coke), l i q u i d  ( t a r )  and v o l a t i l e  m a t t e r .  D i f f e r e n t  
t ypes  o f  t a r  have been observed m i c r o s c o p i c a l l y ,  i n t e r a c t i n g  w i t h  c o a l  fragments 
by b r i q u e t t i n g  them and a c t i n g  as hydrogen donors t o  v i t r i n i t e .  

Because a d d i t i v e s  such a s  c o a l - t a r  p i t c h  o f t e n  m o d i f y  and change t h e  o p t i c a l  
t e x t u r e  and na tu re  o f  res idues  d u r i n g  l a b o r a t o r y  processes such as c o a l  
hyd rogena t ion  and to -ca rbon iza t i on ,  u s e f u l  i n f o r m a t i o n  can be gained b y  s tudy ing  
t h e  n a t u r a l  coprocess ing o f  coa l  w i t h  c o a l - t a r  p i t c h  u s i n g  o p t i c a l  microscopy 
and p e t r o g r a p h i c  techn iques .  

INTRODUCTION 

There have been numerous s tud ies  on t h e  i n t e r a c t i o n  between coa ls  o f  d i f f e r e n t  
rank  and a d d i t i v e s  c o n t a i n i n g  oxygen, n i t r o g e n ,  su lphur ,  aromat ic  compounds. 
pe t ro leum p i t c h e s  and c o a l - t a r  p i t c h e s  (Marsh. 1973; Marsh et., 1973a,b,c; 
Marsh et., 1974; Marsh et., 1980; Marsh and Neavel, 1980; Mochida et., 
1979a,b,c), and between c o a l  macera ls  (Goodarz i ,  1984). These a d d i t i v e s  o f t e n  
m o d i f y  and change t h e  o p t i c a l  t e x t u r e  and n a t u r e  o f  res idues  d u r i n g  such 
processes as l i q u e f a c t i o n  (hydrogenat ion)  and t o - c a r b o n i z a t i o n  o f  c o a l  macerals 
(Shibaoka et., 1980; Goodarzi,  1984). 

I t  has been shown by Shibaoka et., (1980) and l a t e r  by S t e l l e r  (1981) that  
d u r i n g  hyd rogena t ion  t h e  i n t e r a c t i o n  between a c o a l  and a hydrogen- r i ch  a d d i t i v e  
r e s u l t s  i n  t h e  f o r m a t i o n  o f  r e a c t i o n  r i m s  termed ' hyd rogena t ion  r i m s '  These 
r i m s  a re  p o s s i b l y  t h e  p recu rso rs  o f  v i t r o p l a s t  because t h e y  f o r m  from t h e  
i n t e r a c t i o n  o f  a d d i t i v e  w i t h  the  v i t r i n i t e  p a r t i c l e s  i n  t h e  c o a l  and a r e  r i c h  i n  
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hydrogen. More r e c e n t l y ,  Gentz is  and Goodarzi (1989) observed r e a c t i o n  r i m s  
formed around v i t r i n i t e  p a r t i c l e s  due t o  t h e  i n f l u e n c e  o f  c a r b o n i z a t i o n  
by-products  such as t a r ,  i n  a s e l f - b u r n i n g  c o a l  w a s t e p i l e  i n  Coleman, A l b e r t a ,  
Canada. 

Goodarzi (1984) r e p o r t e d  s i m i l a r  r e a c t i o n  r i m s  when h i g h l y  r e a c t i v e  s p o r i n i t e  
was co-carbonized w i t h  l e s s  r e a c t i v e  v i t r i n i t e  i n  coa ls  o f  t h e  same rank.  The 
r e a c t i o n  r i m s  formed a t  t h e  boundar ies between carbonized v i t r i n i t e  and 
s p o r i n i t e  had a d i s t i n c t  o p t i c a l  t e x t u r e  ( s i z e  and an iso t ropy  o f  t h e  mosaic 
u n i t s ) .  Goodarz i  (1984) used coa ls  f rom two  d i f f e r e n t  ranks ( h i g h - v o l a t i l e  
b i t um inous  C - % Ro = 0.62, and h i g h - v o l a t i l e  b i t um inous  A - % Ro = 1.04) and 
observed t h a t  t h e  h ighe r  t h e  rank o f  c o a l ,  t h e  w ide r  were t h e  r e a c t i o n  r ims .  
When t h e  b l e n d  h a v i n g  t h e  l o w e r - r e f l e c t i n g  v i t r i n i t e  was carbonized,  two types 
o f  o p t i c a l  t e x t u r e  were produced, an i s o t r o p i c  f o r  v i t r i n i t e  and a g ranu la r  
a n i s o t r o p i c  f o r  s p o r i n i t e .  

Three t ypes  o f  i n t e r a c t i o n s  may occur  between a coa l  and an a d d i t i v e  i n  a b lend  
d u r i n g  c a r b o n i z a t i o n  which may r e s u l t  i n  t h e  f o r m a t i o n  o f  d i f f e r e n t  f l u i d  
phases. These a r e :  f l u i d  mix ing,  s o l v a t i o n  and s o l v o l y s i s  (Mochida u., 
,1979). D u r i n g  f l u i d  m ix ing ,  t h e  two m i s c i b l e  f l u i d s  fo rm ing  f rom coa l  and 
a d d i t i v e  c r e a t e  a new f l u i d  w i t h  a new mo lecu la r  composit i 'on and p r o p e r t i e s  
(Mochida u., 1979). S o l v a t i o n  i s  cons ide red  t o  be more o f  a p h y s i c a l  r a t h e r  
t h a n  a chemical  p rocess  and invo lves  t h e  e x t r a c t i o n  o r  l each ing  o f  t h e  coal  by 
t h e  a d d i t i v e ,  f o l l o w e d  by a subsequent s t a b i l i z a t i o n  o f  t h e  formed molecules i n  
t h e  f l u i d  p i t c h  a d d i t i v e .  S o l v o l y s i s  i s  a chemical  process which i nvo l ves  
s imul taneous d e p o l y m e r i z a t i o n  and i n t e r a c t i o n  o f  t h e  c o a l  and a d d i t i v e  i n v o l v i n g  
hydrogen t r a n s f e r  mechanism (Mochida u., 1979). 

T h i s  s t u d y  d e a l s  w i t h  t h e  i n t e r a c t i o n  o f  
macera ls  and semicokelcoke f ragments w i t h  t a r  
coa 1. 

EXPERIMENTAL 

A 440 cm d e w  channel  was dug on t h e  toD o f  

o rgan ic  components such as coa l  
generated by t h e  s e l f - b u r n i n g  o f  

a s e l f - b u r n i n g  coa l  wasteDi le  a t  
Coleman C o l l i e r i e s  i n  A l b e r t a  and samples 'were taken  f rom t h e  o x i d a t i o n ' ( a s h ) ,  
combust ion and c a r b o n i z a t i o n  zones as w e l l  as f r o m  u n a l t e r e d  coa l .  The h o t  
samples were coo led  i n  wa te r  i m n e d i a t e l y  t o  p reven t  f u r t h e r  o x i d a t i o n  and 
combustion. 

The samples were t h e n  d r i e d  and crushed t o  pass -20 mesh ( '85Opm).  They'were 
subsequen t l y  p o l i s h e d  and t h e i r  maximum and minimum r e f l e c t a n c e s  i n  o i l  (n  . = 
1.518) were measured u s i n g  a h i s s  MPM I1 microscope, f i t t e d  w i th  a f a l a x  
microcomputer .  Photomicrographs were taken  under b o t h  p lane -po la r i zed  l i g h t  and 
w i t h  p a r t i a l l y  crossed p o l a r s .  

RESULTS AN0 DISCUSSION 

Gen tz i s  and Goodarzi (1989) examined t h e  o rgan ic  p e t r o l o g y  o f  t h e  s e l f - b u r n i n g  
c o a l  w a s t e p i l e  i n  Coleman, A l b e r t a ,  Canada, ( F i g u r e  l a )  and r e p o r t e d  t h e  
r e f l e c t a n c e  p r o f i l e  o f  t h e  d i f f e r e n t  zones i d e n t i f i e d .  These zones are:  
o x i d a t i o n  (ash) ,  combust ion and ca rbon iza t i on ,  a l l  observed f rom t o p  t o  base o f  
t h e  w a s t e p i l e  b u t  t h e i r  boundar ies a r e  n o t  w e l l  d e f i n e d  ( F i g u r e  lb). 
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Carbon iza t i on  zone 

This. zone i s  t h i c k  (-300 cm) and i s  subd iv ided  i n t o  t h r e e  subzones. The f i r s t  
subzone (e) i s  app rox ima te l y  60 cm t h i c k  and c o n s i s t s  m a i n l y  o f  warm, angu la r  
coa l  fragments. Two types o f  t a r  a r e  observed ( F i g u r e  IC), an i s o t r o p i c  ( %  
Romax = 1.07)  and an a n i s o t r o p i c  (% Romax = 2 . 3 5 ) .  

Subzone C i s  180 cm t h i c k  and con ta ins  l oose  p a r t i c l e s  o f  h o t ,  angular  c o a l  and 
sernicoke/coke, becoming i n c r e a s i n g l y  t a r r y  towards t h e  upper p a r t .  Three t a r  
types a re  i d e n t i f i e d  ( F i g u r e  IC), one i s  i s o t r o p i c  (% Romax = 0.72)  and t h e  
o t h e r  two are a n i s o t r o p i c  ( %  Romax = 1.25 and 1 . 5 2  r e s p e c t i v e l y )  showing ' f l o w '  
t e x t u r e .  

i 

A 

C B 

Thickness Zones Tar Types 

D 

F i g u r e  1 Loca t ion  map o f  t h e  c o a l  w a s t e p i l e  i n  Coleman, A l b e r t a  (A), v e r t i c a l  
p r o f i l e  o f  t h e  s e l f - b u r n i n g  coa l  w a s t e p i l e  showing d i f f e r e n t  zones ( B ) ,  
types o f  t a r  ( C )  and temperature o f  t h e i r  f o r m a t i o n  ( D ) .  

Subzone D i s  60 cm t h i c k  c o n s i s t i n g  o f  angu la r  semicoke and two t a r  t ypes  a r e  
present  ( F i g u r e  IC). The i s o t r o p i c  t a r  has an Romax o f  1.10%, w h i l e  t h e  
a n i s o t r o p i c  has an Romax o f  1.66%. 

Combustion zone 
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This  zone i s  30 cm t h i c k  and c o n s i s t s  o f  a m i x t u r e  o f  coke and ash. Both 
i s o t r o p i c  and a n i s o t r o p i c  t a r s  a r e  p resen t .  The i s o t r o p i c  ones have an Romax o f  
0.86 and 1.13%, w h i l e  t h e  a n i s o t r o p i c  ones have Romax va lues  o f  1.48, 1.90. 2.62 
and 3.65% r e s p e c t i v e l y .  

O x i d a t i o n  (Ash) zone 

The ash zone i s  22 cm t h i c k  and c o n s i s t s  o f  r e d  ash and ven ts .  Four t ypes  o f  
t a r  a r e  p resen t ,  one i s o t r o p i c  ( %  Romax = 1.07) and t h r e e  a n i s o t r o p i c  (1.33, 
1.53 and 1.77% Ro max r e s p e c t i v e l y ) .  

Heat generated by  t h e  combustion o f  c o a l  a l t e r s  t h e  c o a l  f ragments i n  t h e  
o x i d a t i o n  zone and c a r b o n i z a t i o n  zone ( F i g u r e  IC) and produces s o l i d  res idue  
(semicokelcoke) ,  l i q u i d  ( t a r )  and gases. The t a r  i s  m a i n l y  l i q u i d  t o  gaseous a t  
t h e  temperature o f  genera t i on  (500-55O'C) b u t  s o l i d i f i e s  upon c o o l i n g  and forms 
a p i t c h - l i k e  s o l i d .  The presence o f  t h e  ash zone above t h e  combustion zone i n  
Coleman p reven ts  t h e  complete e l i m i n a t i o n  o f  v o l a t i l e  by-products  and, as a 
r e s u l t ,  v o l a t i l e  m a t t e r  escapes f r o m  ven ts  developed a t  t h e  s i d e  o f  t h e  
w a s t e p i l e .  These vents  a r e  impregnated by c o a l  t a r - p i t c h  and o f t e n  
h e a t - a f f e c t e d  f ragments (semicokelcoke)  a re  b r i q u e t t e d  by t a r  (Gen tz i s  and 
Goodarzi,  1989). Therefore,  t a r  which formed due t o  c o a l  d e v o l a t i l i z a t i o n  i n  
t h e  c a r b o n i z a t i o n  zone, such as i n  subzone C, m i g r a t e s  downwards i n  t h e  
w a s t e p i l e  due t o  f o r c e  o f  g r a v i t y ,  pene t ra tes  t h e  space among c o a l  f ragments and 
p r e c i p i t a t e s  as i s o t r o p i c  t o  a n i s o t r o p i c  by -p roduc ts .  The downward movement o f  
t a r '  i s  a l s o  due t o  a hea t  b a r r i e r  produced by t h e  combustion zone above (F igu re  
l b ) .  

S i m i l a r  obse rva t i ons  were made by Goodarzi et., (1988) on a p a r t i a l l y  
combusted and coked b i tum inous  coal  seam f r o m  A l d r i d g e  Creek, B r i t i s h  Columbia, 
Canada. A p i t c h - l i k e ,  v i scous  m a t e r i a l ,  which was s o l u b l e  i n  ch lo ro fo rm-e thano l  
(87/13)  azeotrope ( s i m i l a r  t o  c o a l  t a r - p i t c h )  formed f rom t h e  c a r b o n i z a t i o n  o f  a 
med ium-vo la t i l e  b i t um inous  coa l  .seam (% Romax = l.l), had m i g r a t e d  downwards 
f i l l i n g  t h e  d e v o l a t i l i z a t i o n  vacuoles o f  t h e  semicoke. 

F i g u r e  l c  shows t h e  va r ious  types o f  t a r  and t h e i r  l o c a t i o n  i n  t h e  w a s t e p i l e  and 
F i g u r e  I d  shows t h e  temperature o f  t h e i r  f o r m a t i o n .  Gen tz i s  and Goodarzi,  
(1989) es t ima ted  t h a t  t h e  coa l  was carbonized a t  a temperature o f  500-55O'C a t  a 
r a t e  o f  h e a t i n g  o f  10'Clmin. and subsequent ly  combusted a t  a h i g h e r  temperature 
(550-6OO'C). The t a r  which formed i n  t h e  semicoke subzone C (-525'C) i s  
i s o t r o p i c ,  s o f t ,  t y p i c a l  o f  coal  t a r - p i t c h  ( P l a t e  l a ) .  The cpa? rank  i n  t h e  
Coleman s e c t i o n  i s  med ium-vo la t i l e  b i t um inous  (% Romax = 1.07) ,  s i m i l a r  t o  t h e  
coa l  r a n k  i n  A l d r i d g e  Creek. I n  bo th  cases, c o a l  was t rans fo rmed  t o  coke. 

I n  A l d r i d g e  Creek, t h e  coa l  seam i s  b u r n i n g  underground and under a sedimentary 
cover .  As a r e s u l t ,  t h e  coa l  seam i s  d i r e c t l y  t rans fo rmed  i n t o  carbonized 
res idue .  There fo re ,  no b r i q u e t t i n g  occurs 'but  o n l y  impregnat ion o f  semicoke by 
t a r  t a k e s  p l a c e .  I n  Coleman, coal  i s  i n  f ragmented fo rm p r i o r  t o  bu rn ing ,  and 
i s  b r i q u e t t e d  by  t a r - p i t c h  as a r e s u l t  o f  s e l f - b u r n i n g .  Most o f  t h e  coke 
f ragments i n  Coleman a r e  subangular showing b a s i c  an i so t ropy ,  an i n d i c a t i o n  t h a t  
coa l  was p robab ly  weathered b e f o r e  b e i n g  combusted (Goodarzi,  u., 1975). 

Often. one o r  two  waves o f  t a r  a r e  observed f i l l i n g  c a v i t i e s  among semicoke 
f ragments ( P l a t e  l b ) .  These two waves ( t y p e s )  o f  t a r  can be recogn ized  on t h e  
bas is  of  o p t i c a l  t e x t u r e ,  an a n i s o t r o p i c ,  h i g h e r - r e f l e c t i n g  t a r  which was 

The h i g h  r e f l e c t a n c e  t a r  a l s o  shows g r a n u l a r i t y .  

1074 



o b v i o u s l y  depos i ted  i n i t i a l l y ,  f o l l o w e d  by  an i s o t r o p i c ,  l o w e r - r e f l e c t i n g  
secondary t a r .  

PLATE 1 

A l l  photomicrographs t a k e n  i n  b l a c k  and w h i t e ,  p l a n e - p o l a r i z e d  l i g h t ,  under  o i l  
immersion. Long a x i s  i s  2 4 0 m .  
a) I s o t r o p i c  and s o f t  c o a l  t a r - p i t c h ,  semicoke subzone ( C  ) ;  b) Two waves o f  t a r  
f i l l i n g  c a v i t y  i n  semicoke subzone (C3)., ,The i n i 2 i a l  t a r  (T ) i s  h i g h e r  
r e f l e c t i n g ,  t h e  secondary t a r  (1 ) i s  i s o t r o p i c ;  c)  Two gedera t i ons  o f  
t a r  showing f l u i d i t y ;  t h e  o l d e r  one ( 1  9 has a g r a n u l a r  morphology and h i g h e r  
r e f l e c t a n c e ,  t h e  younger one (T2)  sho?s d e v o l a t i l  i z a t i o n  vacuoles and lower 
r e f l e c t a n c e ;  d )  Semicoke f ragments (SC) showing d e v o l a t i l i z a t i o n  vacuoles b e i n g  
surrounded by  t a r  ( T ) .  

Tar a l s o  shows ev idence o f  f l u i d i t y ,  an i n d i c a t i o n  o f  i t s  m o b i l i t y .  P l a t e  IC 
shows two types o f  t a r ,  a h i g h e r - r e f l e c t i n g ,  s l i g h t l y  g ranu la r  t a r  d e p o s i t e d  
i n i t i a l l y  and a secondary, l o w e r - r e f l e c t i n g  t a r  e x h i b i t i n g  d e v o l a t i l i z a t i o n  
vacuoles.  Bo th  t a r s  have i n f i l l e d  t h e  c r a c k  between t h e  semicoke f ragmen ts  and 
have t a k e n  i t s  shape. O c c a s i o n a l l y ,  t h e  subangular  fragments o f  semicoke show 
d e v o l a t i l i z a t i o n  vacuoles and a r e  comp le te l y  surrounded by t a r  ( P l a t e  I d ) .  
W i t h i n  t h e  semicoke subzone ( C  ) ,  m i x i n g  o f  semicoke and c o a l  f ragments may t a k e  
p lace  ( P l a t e  2a-b) w i t h  t a r  a i n d i n g  bo th  f ragments.  The l o w - r e f l e c t i n g  t a r  i s  
hyd rogen- r i ch  and a p p a r e n t l y  i s  a b l e  t o  r e a c t  w i t h  t h e  c o a l  p a r t i c l e s  p roduc ing  
a d i s t i n c t  r e a c t i o n  r i m  ( P l a t e  2a ) .  Th i s  d i d  n o t  occur between t h e  t a r  and 
semicoke f ragments which show g ranu la r  mosaic t e x t u r e  b u t  no apparent  r e a c t i o n  

whereas 
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r i m  ( P l a t e  2b ) .  

PLATE 2 Cond i t i ons  same as P l a t e  1. 

a )  L o w - r e f l e c t i n g ,  hyd rogen- r i ch  t a r  (1 )  r e a c t i n g  w i t h  c o a l  and semicoke (SC)  
f ragments.  Note t h e  presence o f  a r e a c t i o n  r i m  (R)  between coa l  and t a r ;  b)  
S i m i l a r  t o  2a b u t  t h e r e  i s  no r e a c t i o n  r i m  formed due t o  t h e  i n t e r a c t i o n  o f  t a r  
( 1 )  and semicoke ( S C ) .  

Of ten t h e  c a v i t i e s  and c racks  o r  su r faces  o f  semicoke and coke f ragments a r e  
l i n e d  by t a r ,  i n d i c a t i n g  t h e  passage o f  t a r  ( P l a t e  3a-b) .  Tar w i t h i n  t h e  
p r e - c a r b o n i z a t i o n  s t a g e  towards t h e  base o f  t h e  w a s t e p i l e  i s  o f t e n  i s o t r o p i c ,  
s o f t  and appears t o  have r e a c t e d  w i t h  t h e  coa l  f ragments ( P l a t e  4a). Th is  t a r  
i s  r e l a t i v e l y  h o t  and p o s s i b l y  ac ted  n o t  o n l y  as a b inde r  b u t  a l s o  as a hydrogen 
donor t o  v i t r i n i t e  p a r t i c l e s .  The b r i q u e t t i n g  o f  angular  i n e r t o d e t r i n i t e  
f ragments b y  t a r  i s  shown i n  P l a t e  4b. There i s  no apparent  r e a c t i o n  between 
t a r  and i n e r t o d e t r i n i t e .  

V i t r i n i t e  (V) a l s o  p resen t  showing d e s i c c a t i o n  cracks.  

PLATE 3 Cond i t i ons  same as P l a t e  1. 

a )  The presence o f  t h i n  l i n i n g  o f  i s o t r o p i c  t a r  (1 )  i n d i c a t i n g  t h e  passage Of 
l i q u i d s  and gases th rough  semicoke f ragments;  b)  The d e p o s i t i o n  o f  t a r  ( 1 )  i n  
t h e  c a v i t y  has l e a d  t o  t h e  f o r m a t i o n  o f  f l o w e r - l i k e  s t r u c t u r e s .  I’ 1076 



The morphology o f  t h e  v i t r i n i t e  fragments b e i n g  b r i q u e t t e d  by  t a r  may g i v e  an 
i n d i c a t i o n  as t o  t h e  temperature o f  combustion. U s u a l l y  rounded v i t r i n i t e  
fragments, as shown i n  P l a t e  4c. a r e  i n d i c a t i v e  o f  h i g h e r  temperatures as 
opposed t o  angular  v i t r i n i t e  fragments ( P l a t e  4d) which i n d i c a t e  lower 
temoeratures.  

PLATE 4 Cond i t i ons  same as P l a t e  1. 

a) Tar r e a c t i n g  w i t h  coa l  fragments i n  p r e - c a r b o n i z a t i o n  s tage t o  form d i s t i n c t  
r e a c t i o n  r i m s  ( R ) .  The t a r  i s  ho t  and n o t  o n l y  a c t s  as a b i n d e r  t o  b r i q u e t t e  
coa l  fragments b u t  a l s o  as a hydrogen donor; b)  Tar (1) i s  shown he re  
b r i q u e t t i n g  angular  i n e r t o d e t r i n i t e  ( I D ) ;  c )  Tar b r i q u e t t i n g  rounded t o  
semirounded v i t r i n i t e  ( V ) ;  d )  Angular  v i t r i n i t e  ( V )  and i n e r t i n i t e  be ing  
b r i q u e t t e d  b y  t a r  (1). 

CONCLUSION 

The f o l l o w i n g  conc lus ion  can be drawn: 

1) Tar generated from t h e  combustion o f  c o a l  may i n t e r a c t  w i t h  coa l  and 
semicokelcoke f ragments.  Tar may no t  o n l y  a c t  as a b i n d e r  b u t  a l s o  as a 
hydrogen donor t o  coa l  fragments, t hus  f o r m i n g  a d i s t i n c t  r e a c t i o n  r i m .  

2) D i f f e r e n t  t a r  types ( p r i m a r y  and secondary) can be i d e n t i f i e d  based on 
morphology, o p t i c a l  t e x t u r e  and r e f l e c t a n c e .  

3)  Tar w i l l  b r i q u e t t e  loose f ragments o f  coa l ,  as i n  t h e  case o f  a w a s t e p i l e  
b u t  when c o a l  i s  p resen t  i n  t h e  f o r m  o f  a coherent  seam, b r i q u e t t i n g  does 
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n o t  t a k e  p l a c e  bu t  t h e  coa l  i s  t rans fo rmed  i n t o  carbonized r e s i d u e  
impregnated by t a r .  
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